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NON-ONOOéENIO Ti PLASMID VECTOR SYSTEM AND RECOMBINANT DNA MOLECULES FOR THE
- INTR DUCTION OF EXPRESSIBLE GENES INTO PLANT CELL GENOMES

‘Technical field of invention ‘

The invention relates to a non-oncogenic Ti
plasmid vector system and recombinant DNA mole~
cules tor the introduction of expressible genes into
plant cell genomes. Furthermora, the invention
relates to the comesponding transformed A 8C~

* terium strains and to processas for the production
plant ceflls and plants containing foreign DNA
sequences. - : :

The expressible genes contained in the non-on-
cogenic Ti plasmid vector system and the recombi-
nant DNA molecules of the present invention code
for products, e.g. amino acids or polypeptides,’
usefut for the growth of the plant or for improving its

quality as nuirient, or for the production of valuable -

metabolites (e.g. alkalolds or sterold precursors).

In the description the following terms are used :
bom site : region of DNA where mob functions
speciically interact and initiate autonomous DNA
transfer. .

Border sequence

the ends of tha T-DNA
Broad-host-range replicon : a DNA molecule ce-
pable of being transferred and mainteined in many
diffarent host cells. .
Callus tissue : a mass of unorganized and_undif-
ferentiated calis. :

" Cloning : the process of obtaining a population of
organisms or DNA sequences derived from one

tion.
or better: ’

' thepmesaof!sohﬂngapaﬁimﬂuommﬁsm;rbm :

there-of, and the propagation of this subfractionasa
homogenous poputation.

Cloning vehicls : a plasmid, phage DNA or other
DNA sequences which are able to replicate in a host
cell, charecterized by one or a small number of
endonuclease recognition sites at which such DNA
sequences may be cut in a determinable fashion
without attendant loss of an essentlal biological
function of the DNA., e.g., replication, production of

coat proteins or loss of promoter or binding sites, -

and which contain a marker suitable for use in the

identification of transformed cells, e.g.. tetracycline .-

resistance, or ampiciiin resistance. A cloning vehicle
is often called vector.

Coding sequence : DNA sequence which deter-
mines the amino acid sequance of a polypeptide.
Cointegrate : the structure resulting from a single
cross-over event batween two circutar DNA mole-
cules. :

Complementation in trans : process whereby a DNA
molecule (replicon) which is not physically linked to
another replicon can provide a diftusible substance
which is missing and required by the other nonlinked
replicon. . . N

Conjugation : the process whereby DNA is trans-
ferred from bacteria of ons type to another type

: DNA sequence which oonlﬁns )

such organism or sequence by asexual reproduc-

s
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during celi-to-cell contact. .

Crossing-over : the process of exchange of genetic
‘material betwesn homologous DNA sequences.
Defetion_substitution : removal of one DNA se-
quence and Uis replacement by a different DNA
Differentiation : the process whereby descendents
of a cell achieve and maintain specialization of
structure and tunction.

DNA%RGB or DNA gsegment : a inear array of
nucleo! connected one to the other by phoapho-

diester bonds betwesn the 3’ and §' carbons of

‘adjacent pentosas.

Double cross-over : the process of resolution of a
cointegrate structure into two circular DNA mole-
cules. This process is used to exchange genetic
information. One of the DNA circles has two reglons
of homology with the target DNA through which
recombination can oceur; these two regions braciet
a nonhomologous DNA sequance which is to be
exchanged with the targat DNA. [f this second
cross-over occurs in the same reglion of DNA as the
first, the original DNA circiss will be generated. if this
second cross-over occurs in the second homolo-
gous region, genetio exchange wil he occurred
between the two circles. .
Expression : the process undergone by a structural .
mtoprodueeapoiypegﬁde.nlueomblmtbnof
transcription and translation. .

M”amwu:ammd
nucieotides that controls and regulates expression

of structural genes when operatively finked to those

genes. .
i Fm%g:plasﬁdmy&ngtﬂeF{femm
tfactor allows the transfer of a copy of the

plasmid to e host not carrying the F-tactor.

Qene : a DNA sequence composed of two parts, (1) .
the coding saquence for the gene product, and (2}
mesequmhthopmnm«mgionwhbhcontrd
whether or not the gene will be expressed.
Qenome : the entire DNA of a cell or a virus. it
includes inter alla the etructural genes coding for the
polypeptide(s), as well as operator, promoter and
ribosome binding and interaction sequences, includ-

‘, lngsequmgaawmumwgmeequm

Genof - the sum total of the genetic information

contained in an organism.

Homologous recombination : recombination bet-

ween two regions of DNA which contain homolo-

Fiype piasmid -8 group of autotransierable plasmids
:agroup e

of a different incompatibility group tlhan F.

ummga_t_lm:manNAmoaculesmnot

capable of coexisting in the same cell in the absance

of seleotive pressure,

Insertion : addition of a DNA sequence within the

DNA sequsnce of another molecule.

Leader ssquencs : the region of an mRNA molscule

extending from the 6’ end to the beginning of the
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first structural gene; it also includes sites important
to initiate transiation of the coding sequence of the
structural gene.

Malosis : two successive divisions that reduce the
starting rumber of 4 n chromosomas to 1 n in each
of four product cells. This process is important-in
sexual reproduction.

mob (mobilization functions : a set of products
which promot DNA transtfer only in combination with
- tra functions. Mob can promote transter of plasmids
contalning & bom site. ’ :
Mobilization © the process whereby one DNA
molecuie which is not able to transfe to another cell
is halped to transfer by another DNA molecule,
Mobtiization heiper plasmid : a plasmid capable of
providing diffusible products which another plasmid
lacks for transfar to another host cell.

Nonconjugative recombinant plasmid : a DNA
molecule which is not capable of transferred -

byltselfﬁomltahostoeﬂtomomerhoet'ceﬂ during
cel-o-cell contact. For transfer it wil need further
functions supplied by other DNA, e.g. by (a) helper
plasmid(s).

Nucieotide : a monomeric unit of DNA or RNA
eonslmlngofawgqrmoizty(pumml.aptmplma.
: mdaniﬂogénousmocydbbau.mmb
linkodtomesugarmbty\daagtyoosidcbondu'
carbon of the pentose) and that combination of base
and sugar Is a nucleoside. The base characterizes
the nucleotide. The four DNA basas are adenine
{"A"), guanine ("G"), cytosins (°C"), and thymine
" {*T). The four RNA bases are A, G, C, and uracl

{"U). ’ :

Phe : the observable characteristics of an
I dualruwmgfmmtmmtmbnbﬂweenﬁe
genctype and the environment In which develop-

M:anmmmom
sequenceoompmmgmirm'mpncon' such that

thephsmub;ep(mdhamaoel.mnthe'

plasmldisp\aoed-ﬁhhamluhrormnlmtho
choracteristics of that organism are changed or
mdasnmﬂtoimDNAdthqplamn!d.
carrying the gene for

Polypeptide : a linsar sarles of amino acids con-
hacted one to the other by peptide bonds between
the a-amino and carboxy groups of adjacent amino
aclds, .

Promater :mewntome
start of the éoding sequenoe which regulate tran-
scription of the gene.
Promoter seguence @ at which RNA
polymerasa binds and promotes the faithful tran-
scription of downstream saguences.
Recombinant DNA molecuie or hybrid DNA: a hybrid
DNA sauqence comprising at least two nucleotide
segquences, the first sequencs not normally being
found togesther in natwe with the socond.
Recombhaﬂm:ﬂmemaﬂonofanewmodaﬁmof
DINA molecutes or parts of DNA molecules.
RgcnofhoM:areglonofDNAwhldnstms
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the same nucleotid sequence as that found in a
region of another DNA. :

Replicon : a self-replicating -genetic elsment pos-
sessing a site for the initiaton of DNA repécation and
genes specifying the necassary functions for con-
trofling repfication. .

Restriction fragment : a DNA molecule resulting
from double-stranded cleavage by &n enzyme which
recognizes a spaclfic targat DNA sequence.

RNA rase : enzyme which results in the
Transcription of DNA into RNA.

Selectable marker gene : 3 DNA sequence which,
when expressed, gives that celi a growth advantage
over calls which do not contain that DNA saquenca,
when all cells are in a growth medium which can
distinguish the two types of cells. Commonly used
selectable marker genes are those which encode
resistance to antibiotics. ) '
%ecms—over:mapmcmofmmbmhgm

¢l DNA motecutes to form a cointegrate larger
circle.

Structural gene :@ a gene which codes for a
polypeptide. -
T-DNA : portion of the Ti plasmid as it is found stably
integrated intc the plant cell genome.

T-region : portion of the T plasmid which contains
the DNA saquences which are transferred to the
plant cell genome. '

Ti_plasmid : large plasmids found tn strains of
Agrobacterium tumsfacians containing the genetic
nformation for tumor (crown gall) induction on
susceptible plants. ’ -
TL-DNA and TR-DNA : cctopine crown gall tumor
cells can contaln two T-DNA sequences, a loft
T-DNA, Le. TL-DNA, and a right TR-DNA. TL-DNA
contains saquences also found in common. with.
T-DNA of nopaline fumor cells whereas TR-DNA-
does not. N o
M : both plasmid-sncoded
diﬁmibbpmducﬁandsﬂuofmﬂonuﬂzeddm
DNA transfer between cells, 6.g. products required

to make a bridge between two celis and the slte at
which DNA transfer is initiated.

Transcription : the procass of producing mRANA from

a structural gens :
or: the process invoiving base paring whereby the
genatic Information contained in DNA is used to
order a complementary sequence of bases In an
RNA chain. ’ .
Transtormation .mmmwm .
incorporation of exogenaus DNA into the DNA
complement of a cell )
Transiation :ﬁ\oprooouofpfomwlunpolypepﬂda
from mRNA or :thepmeesswhentymagemﬂc
information presant in an mRNA moiecule directs
the order of specific amino acids during the
synthesis of a polypeptide.

Undifferentiated phenotype : a haomologous appear-
ance of cells in a tissue without any specialized
parts.

Vector : a DNA moleculs dssignsd for transfer
betwoen different host cells.
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Background Art :
The development of recombinant DNA technigues

has made the genstic engineering of microorgan-

isms a chaflenging prospect. These techniques
might be extended to multicellular - eukaryotes, If
complete organisms could be regenerated from
single somatic calls. The cells of some higher plants
exhibit excellent regeneration capacities and, there-
fore, are good materials for the genefic enginsering
of high organisms.

A major problem for the genetic engineering of
plants is the availability of & system for the
introduction of exogenous (foreign) DNA into the
-plant genoms. Such a system Is provided by the
tumor-inducing (T) plasmids carried by the Gram-
negative soll bacterium rium tumetaciens.
This organism has been shown to cause a heo-platic
transformation, called “crown gall®, of wounded
tissue of a very wida range of dicotyledonous planta.
The proliferating neo-plasms synthesize novel, Ti-
specified metabolites, called opines. The molecular
basis of this transtormation is the transfer and stable
integration of a wel-defined T-DNA (transferred
DNA) tragment of the Ti plasmid in the ptan cell
genoma. In other words, crown gall tumors contain
in their chromosomal DNA a DNA segment called

the T-DNA which is homologous to DNA sequences

in the Ti plasmid used to induce the tumor tine. in all
.| cases, this T-DNA comesponds to, and s colinear

with, a continuous stretch of Ti plasmid DNA which
is, therefore, called the T-region.

_Ti plasmids are classified sccording to the type of -
opine synthestzad In crown gall cells. Agrobacterium -

strains which induce the synthesis of nopaline
[N-u-{1,3-dicarboxypropyl)-L.-arginine) in crown gall
celis are calied nopaline strains, and stralns which
induce the synthesis of octopine [N-a-(N-1-carbox-
yethyl)-L.-arginine) are called octopine strains. These
are the most commonly used Agrobacterium strains.
The use of T-DNA as a vector far plant genetic
angineering was demonstrated In a mode! experl-
ment in which the 14 kb bacterial transpcson Tn7
was inserted in vivo near the right border of the
T-DNA from the 11 piasmid of the strain
rlum T37. Nopaline synthesis was efiminated in the
tumors incited by agrobacteria carrying this Ti
- plasmid. Furthermore, Southern biotting hybridiza-
tions revealed that the entire Tn7 was presant in the
chromosomal DNA of these tumors as part of an
otherwise normal T-DNA sequence (Hemalsteens et

al. Nature 287 (1080}, 854-856; Holsters et al., Mol.-

Gen. Genet. 185 (1882), 283-288). Thus, the Intro-
_ duction of this 14 kb DNA fragment into the 23 kb
T-DNA has not altered the latter's abfiity to be
transterred to the plan cell genome. i
The borders of the T-DNA form the Ti plasmid of
the nopafine strain Agrobactetium T37 have been
very precisely determined. it is- only a portion,
roughly 23 kb, of the antire nopaline T plasmid.
Furthermore, the borders of the T-DNA are known;
the nucleotids sequences which define the borders

of the T-DNA have baen datermined and compared -

with the same region of the nopaline Ti plasmid
(Zambryski et al, Science 209 (1980), 1385-1391;
Zambryski et_al., J. Mol. Appl. Genet. 1 {1982),

10
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461-370). The borders of the T-region are most
probably involved in the integration of the T-DNA
into the plant cell genomse.

Knowledge of the T-DNA sequences which detine
the borders of the transferred DNA is a basic
requirement for the use of the Ti plasmid as a vector
for DNA transfer to plant celis. Thus, foreign DNA.
can be insarted within thase borders to ensure its
transfer to the plant cefl genome. In addition, it one
expects to utilize this system It is important that the
transformed plant cells are normal rather, than
tumorous in thelr growth properties. To produce
norma! cefls after T-DNA transfer requiras knowl-
edge of the functions encoded by the T-DNA ltseft.
Thus, the T-region of the T plasmid has been

-subjected to intense genetic analysis to determine

which regions are responsibte for the tumor pheno-

The T-DNA encodes functions which are respon-
sibie for the crown gall phenotype. The penes have
been localized to specific regions of the T-DNA
(Leemans et al, EMBO J. 1 (1882), 147-162;
Wilimitzer et al., EMBO J. 1 (1982}, 138-148). In
geneml,ﬂmsrestm4geneawhidwmtm!me
unditfarentiated phenotype of tumor calius tissua.
Mutants In these genes can either lead to trans-
formad tissues which appears shoot-like or root-like.

" The latter results are especially important If one

hopesto_msferDNAtophmforaxpmasionh
normat plant tissue rather than tumor tissue.
Recently, a mutant Ti plasmid was found to induce
transformed shoots which were capabie for regener-
ating into complately- normat plants. These plants
were fertlle and .even transmitted T-DNA specifio
sequences through melosis; Le: progeny planis stifl-
contained T-DNA-specific sequences (Otten et al.,
Mol. Gen. Genst. 183 (1881), 208-213). Howaver, the

- transformed piant tissue contained In its chromoso-

mal DNA a T-DNA which was very much reduced in
size due fo the generation of a large deletion which
removed the region of the T-DNA controlling the
mmorphenotype.nlsm!knownmﬂlsrme
deletion ocowrved during the initial transformation
avent or as a subsequent event leading to shoot
formation. ’ Cooe e

The Tl plasmiis are large (200 kb) and many genes
located at different sites on the Ti plasmid ere
Involived In the transtormation of plant celis. There-
fore, it is not possble to construct a smafi T
plasmid-derived cloning vector with unique endonu-
clease recognition sites at appropriate locations
within the T-region, and possessing all functions
assential for T-DNA transfer and stmble incorpora-
tionintotheplantceﬂgenome.wmownwuyto
introduce & chosen DNA fragment into specific

. restriction enzyme cleavags sites of the T-reglon of a

ﬂplasmldhasbmtoconsﬂucldonhgplnsnﬂds
which are able 1o replicate In Agrobacterium as well
as in Escherichia coll, and which coniain a chosen
rastriction fragment of the T-DNA. Such cloning
plasmids were denoted *intermediate vectors®.
Such intermediate vectors were used to enalyze the
functions encoded by the T-region (Leamans et 8l.,

J. Mol. Appl. Genet. 1 {1881), 149-164).
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Disclosure of the invention - :

The present invention relates to a process tor the
introduction of expressible genes into plant cefl
genomes. It is one of the objects of the present
invention to provide modified acceptor Ti plasmids
. which sliow the introduction of any gene(s) of
intarest into these plasmids. The gene(s) of interest
1o be introduced is (are) contained within a novel
intermediate cloning vector camying a region of
homology with 8 corresponding region in the
acceptor T plasmid. The intermediate cloning vec-
tors are a further object of this invention. .

The introduction of the gene(s) of interest into the
acoaptor Ti plasmids is achieved by a single

plasmid harbored in ﬁgm_%ulmn and the inter-
mediste cloning vectof. ntermediste cloning

vector Is mobilized from Escherichia coll where it is

propagated to acternam using hetper plas-
mids. Such helper r;%n?nﬁs and thelr functions for
. mohilization are known {Finnegan et al, Mol. Gen
- Genet. 185 (1882), 344-351; Figurskl et al,, Proc.
Natl. Acac. Scl. USA 76 {1979), Ditta et al., Proc. Natl.
Acad. Sci. USA 77 (1980), 7347). The resutt of the
single a'oss-qverevemtnéggbactarumlaahybnd
Ti plasmid vector. Suchhybrid Tl plasmid vectors are
a turther object ot the invention. . -
TMmumnghybndpmldvoctorsMrbofadh
ﬁggobaMm ({hereinafter called vector composi

ﬁon)canbeusoddmcﬂytoirﬂectplnﬂtcellswhlch _

mswﬂymmdfumowmsslonofme
product(s) of the gena(s) ot interest. This process
for preparing
plant cells with the vector com and the
numfonnedphrﬁeells.aswaﬂaspsmugenmled
therefrom are turther objects of this invention. This

lsapp(leauetoanyoﬂhe piant-transterable
plasmids of Agggbactsmm. :

‘Fig. 1 lustrates one embodiment of an
acceptor Ti plasmid of the invention which s the
resuhofadelsﬁnndthelntwmlporﬂmonhe
T-region, except for the bordsr sequences (1)
and (2). The border sequances are essential for

quenoes (1) and (2) is the DNA segment which
wilt be totheplmneaooemorn
paasmmoonmlnsnDNAsegrnanNa)wm\a

DNA sequencs which. Is homologous with at.

jeast a part of a DNA eequmlnanlmennadl-
_ ate cloning vestor permitiing integration of the

intermediate cloning vector via a single cross-

over event. The TI plasmid regon (4) codes for
tig) for the transfer by
Agrobacwm of the T-region into plant cell
genomes. This rogion has been designated as
vir-region.

“Fig.-2 Hlustiates Bn intermediate cloning
vector of the invention to be insarted by a single
cross-over event into the acceptor Ti plasmid of
Fig. 1. U contalns a cloning vehicle DNA

mstwnedphmmbylmmnof N
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segment (3") with a DNA sequence which is
homologous with at least part of- the DNA
segment (3) of the acceptor Ti plasmid parmit-
ting the desired single cross-over event. More-
over, the intermediate cloning vector contalns &
gene or group of ganes (5) of interest having its
naturel promoter sequence. In .genera! plant
genes can be used in this construction as thay
are more likely to be expressed. However, in
principle any natural gene of interest can be
inserted. The intermediate cioning vector may
aiso contain a setectable marker gene (6). This
gene should contaln & promoter -seguence
which permits expression of the gene in plant
celis. Plant cells containing this marker gene
should have a salective growth advantage over
cells without this gens; in this way plant cells
which have been transformed by DNA contain-

‘ing this marker gene can be distinguished trom

untranstormed plant cells. -

Flg.smustmesammeramommwan
intermediate cloning vector of the invention
which Is similar to the Intermediate cloning
vector of Fig. 2,and is to be inserted by a single
cross-over avent Into the accaptor Ti plasmid of
Flig. 1. R contains the cloning vehicle DNA
segment (3, an BX0GENOUS promoter se-
guence (8) allowing expression of the -
genets) of imerest (7}, ond, If desired, a marker
gene {8).

Fig. 4 schematically Iustrates the construc-
ﬂonothybﬂdﬂphsmidvectorBOfMMm
from the acceptor Ti of Fig. 1, and the
mtuﬂwdhiodwﬂngwmdﬁgs2and3by

the Intermediate cloring vector. 1o another E.
coli strain (Z)Mﬂd:oomnh\atwohelpet
plasnﬁdstorme.latuconpgaﬂontom
terium. One helper contains DNA
sequences important for plesmid transfer (tra)
andmeomerhnlpstplwﬂdeotmmsequen-_
ces which are for the mobitization .
(mgg).wmnmsa ds are intro-
duced by ocnjugation into E. coll stram (1), the
Intenmediate donmveotoreormhedﬁwdn
wmbeeapahbolbalngtrmsterredtooﬂm
bacterial strains, The tra and mob helper
plasmids elso contain ~antiblotic resistance
nwkeﬁAhPandAb“chhdeferenﬂrom

-mmmmmmamemmmmor

(AD™). Thus, the presence of all the plasmids
can be monitored on selective media. A mobiiz-
ing strain (3) is obtained. This mobllizing strein
(3} Is conjugated to&n A tumetaciens strain (4)
which contains the accept
followed by selection for antiblotic reslstance
marker(s) of the intermediate cioning vector. As
the intermadiate cloning vector cannot replicate
in Agrobacteﬂum. it can only be maintained if it
has formed & ointegrate with the recipient
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acceptor Ti plasmid; this cointegrate structure
in Agrobacterium (5) is the final hybrid T
plasmid used to transfer DNA -into plant cell
genomes,

Fig. 6 lllustrates the construction of a mode!
acceptor Ti plasmid (A) which is analogous to
that shown In Fig. 1. Here, a double cross-over
event accurs between a Ti plasmid end another
plasmid containing a DNA sequence which is to
replace a portion of the original Ti plasmid. More
" specifically, the smallar plasmid contains the

border sequences of the T-region (1; 2) in a°

cloning vehicle (3). A double cross-aver results
in the deletion of the intemal portion T of the
T-region and its replacemant by the cloning
vehicle. The acceptor Tl plasmid (A) obtained is
capable of transferring DNA contained between
the border seguences (1; 2) into plant cell
genomes. The resulting transformed plant DNA
will not produce tumorous crown gall tissue as
the genes controfing neoplastic growth are
deleted In the Ti plasmid (A). Ti plasmid (A) is a
very generalized acceptor Tl pltasmid for any
intermediate cloning vector with homology with
cloning vehicle (3). The cloning vehicle {3) may
be a conventional plasmid, such as pBR322 (or
its derivatives).

Fig. 7 Bustrates schematically the steps
leading to the construction of an Intermediate
cloning vector in €. coll host cells. A gene of

- interest (6) bmcketed by restriction endonu-
clease sité R1 and a selectable marker gene (6)
-bracketed by restriotion endonuciease site R2
are inserted into a cloning vehicte () contain-
ing single restriction sites for-the enzymes R1
and R2. All threa molecules ars digested with
restriction enzymes R1 und/or R2 and figated
together using DNA figase to form the inter-
mediate cloning vector. The cioning vehicle 3’
- must also contain_additional DNA sequences
which code for antiblotic resistance (AB") to
use as a selectable marker for bacterial gene-
tics. The gene of interest {5) may be under the
controt of its natural promoter or of an exogen-

ous promoter as outlined in Figs. 2and 3.

. Fig. 8 iHustrates the construction of another
embodiment of an acceptor Tl plasmid {B) of
the invention. Here, a double cross-over event
occurs between a Tl plasmid end & cloning
vehicte (3) which contains DNA sequences (9)
and (10) which are homalogous to Tl

aequences
just outside the border saquances (1) and (2)
respectively. The double cross-over event re-"

sults in the delstion of ths antire T-region T
including the border sequances (1) and (2) and
its replacement with the cioning vehicis (8). Ti
plasmid (B) is an acceptor for intermediate
cloning vectors which contein the gene of
interest cloned between the border sequences
(1) and (2); (see Fig. 9).

Fig. 9 illustrates an intermediate cloning
vector of the invention to be inserted by a single
cross-over event into the acceptor Ti plasmid
(B) of Fig. 8. It contains the bordar sequences
(1) and (2} which flank the gens(s) of interest

10

{5). It also contains & cloning vehicle sequence
{3') which Is at least partially homologous to the
cloning vehicle sequence (3) In the accaptor Tt
plasmid (B) to aflow homologous recombination
between the two plasmids.

Fig. 10 schematically llustrates the construc-
tion of hybrid Ti plasmid vectors of the invention
from the acceptor Ti plasmid (B) of Fig. 8 and
the corresponding intermediate cloning vector
of Fig. 9. A single cross-over event introduces
the intermediate cloning vector of Fig. 9 into the
accaptor Ti plasmid (B) of Fig. 8.

The following figures 11 to 20 more specifically

ilustrate the invention.

Fig. 11 lustrates the insertion of the 6.2 kb
Hindlll fragment AcgB Into pBR322 (see also
Zambryski et et al, Soience 209 (1880),
1386-1391). This fragment AcgB contains the
right and left border regions of the nopaline Ti
plasmid T-DNA. This clone pAcgB Is used in the
construction of acceptor ptasmid pQV3850, an-
*A-lke" acceptor plasmid as shown in Fig. 8. it
is obvious to those skilled In the art that clone
analogous to clone pAcgB can be obtained by
using the cioned restriction fragments which’
contaln the left and right border region of a -
wiid-type Tiplasmid. -

Fig. 12 Hlustrates the T-region of nopaline T1
plasmid pGV3839. The Hindlli restriction endo-
nuciease sites are indicated as (H). Mutated
Hindllf fragment 19 Is Indicated (19°). The
‘acetylphosphotransforase gene providing kana-
mycin or naomycin resistance is Indicated es
apt and Is iocated in the black box area. The
border ot the T-reglon are indicated by arrows.
The nopatine synthase gene is indicated by nos.
The numbers refer to the sizes of the restriction
fragments to Depicker et al, Plas-
mid 3 (1880), 183-211. The construction of the T1
plasmid pGV3838 can be taken tmtn example 1,
and the two refersnces cited.

Fig. 13 lustrates the construction of accep-
tor T plasmid pev:;aso The plasmid
pBR322-pAcgB (Fig- 11) is depicted in a
linearized form. The pBR322 sequences are
indicated by the cross-hatched area and the
amplcilin resistance gene of pBR322 by Ap™.
Part of the T-region of pGV3839 which |s shown
in Fig. 12 is shown hera; the Hindl0 fragments
(10) and (23) invoived in homologous recombi-
nation with pAcgB and the apt gene are
indicated. Double cross-over events lsad to the
construction of pGV3B50 and another raplicon
oonta!nlngmeggt_genemwhlslost

Fig. 14 Rustrates schematically the construc-
tion of intermediate cloning vector pGV700
which is given in detall in exampie 2. The
following abbreviations are used to indicate
restriction endonuclease sttes : B, BamHl; Bg,
Bgill; E, EcoRi; H, Hindlil; S, Sall; $m, Sm Smal. The
foliowing g abbreviations are used to Mdicate
antibiotic resistance : Ap, ampicifiin; Cm, chio-
ramphenicol; Sm, streptomycin;- Tc, 'tetracy-
clins. The numbers on the bottom of the figure
which refer to TL-DNA indicate the RNA
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transcripts of this region (Wilimitzer et al.,
gygg_g. 1(1982), 138-148). .

Fig. 15 Hustrates the structure of the inter-
madiate cioning vector pGV750. its construc~
tion is described in example 2. The restriction

endonuclease sites are indicated with their-

relative: locations given in numbers as kilobase
pairs (kb}. Psti sites are not indicated but there
are 3in the KmP/Nm® region, and one in the Cb"
gene. The right and left pborders are aiso
indicated. The Bgill/BamHi and Hpal/Smal sites
used in the construction of pGV750 are indh
cated but are not present in pGV750. The
shaded area corresponds to TL-DNA, the dark
- area to the KmP/ Nm® region, the white area to
contiguous Ti plasmid sequences, and the iine
to the cloning vehicle pBR325. Other abbrevia-
tions ussd are : Ocs, octopine synthase; CmF,
chioramphenicol resistance; Cb®, carbenicilin
{analogous to ampiciliin) resistance, and KmP/
Nm®, kanamycin reslstance/neomysin resist-
ance.

Fig. 16 ilustrates the construction of the

intermediate vector pGV745 descirbed in detell -

in example 3. pAV745 s used in the construc-
_ﬁmofmaeeaptorphsﬂdpevm,-u
*B-flke” acceptor plasmid shown in Figure 8.
Restriction endonuciease sites are indicated as
follows : B, BemHl; H, Hindlll; R, EcoRL The
ampioillin resistance gone 1s Indicated by Ap®.
The cross-hatched region Indicates DNA homo-
logous to the left side of the T-DNA region of
the octopine Ti plasmid and the white region
indicates DNA homotogous to the right side of

the T-DNA region of the octopine Ti plasmid;

the physical location and description of the
starting plasmids pGV0218 and pGVD120 can
be found in De Vos et &l., Plasmid 6 (1981),
249-253. -

- Fig. 17 ‘llustrates the construction of the
acceptor plasmid pGV2260. The deletion sub-
stitution in pGV2217 s indicated as & black box
containing the acetyl phosphotransferase gene
(indicated apt) which provides resistance to
neomycin and kanamycin. The intermediate
vector pGV745 (Fig. 16) Is depicted in inearized
form: it has been openad.at the Hindlll she of
pGV745 shown in Fig. 16. The pBR322 se-
quance is indicated as a cross-hatched section
and the ampicllin resistance gens by Aph.
Double cross-over events lead 10 the construc-
tion ofpevwmthclosdea!gtgane.’
Restriction endonucloase sites are indicated as
foliows : 8, BamHl; Hindllf; R, EcoRl.

Fig. 18 illustrales the construction of &
plasmid pLGV2381 for the axpression of genes
downstream of the promoter of the nopaline
synthase gene (go_s).1he5’an63’ refer to the
start and stop of transcription, and the ATG and
TAA refer 10 the codons used to start and stop
transiation. The heavy black line indicates the
nos promoter reglon, and the whito area
indicates the nos coding region. ApR denotes
ampicilin resistance, and Km® kanamycin re-
sistance.

0

15

Fig. 19 lliustrates the insertion of the plasmid
pAGV10 containing the complste octopine
synthase (ocs) coding sequancs in plasmid
pLGV2381 (see also Fig. 18) behind the nos
promoter resulting in plasmid pNO1/2. The
heavy black lines refer to the promoter regions
and the white area to the ocs coding region.
Other notations are as in Fig. 16. '

Fig. 20 lBustrates the nucleotide sequences
around the promoter region of the nopaline
synthase (nos) gene and the nucleotide se-
quences around the same region following
fusion with the coding region of the octopine
synthase gene. The point of fusion Is indicated
by an asterisk (*). Several rastriction endonu-

" clease sites are indicated. BamHl, Hindill, and
Sacil. The §' and 3’ refer to the start and stop of
transcription. The ATG rafers to the first codon
used in transiation and the TAA refars to the
stop codaon used in translation. The large
arrows Indicate the coding reglons of the
nopaline gene in white and the octopine gene In
stripes.

Detalled description of the Invention - -
Reterring to Fig. 1, we have shown therein a
simpiified dingram of an-acceptor Ti plasmid. This
aceptor Ti plasmid contains the two border sequen-
ces (1;2) ormglmofﬂnﬂd—typotgnnor-lnduclng
(Tl)plaunid.Thebordersaqueneesmassemialfw'

~ the integration’ of the T-region of Ti plasmids into a

plant csfl genome. In other words, they are essential
1orthelmégmbnof@nyDNAsequmea {3) or
T-region into & ‘plant cefl génome located between -
these sequences. - . "

The DNA sequence (3) of the acceptor Ti-plasmid
contains & DNA segment which is homologous with
atleastapnnoanNAsequeme(S’)Aofan
intermediate cloning vector filustratad in Figs. 2 and

'3.This homoloqylsnooesuryioreodntegraﬂon bya

single cross-over event (homologous recombina-
tion) of the intermediate cloning vector with the
acceptor Ti plasmid. The frequency of obtaining
cointegrates ls determined essentialy by the length
of the region of homology. In order to offect a

" homologous rect ation evant at & good fre-

quancy, reglonsof1't64l<bmmnnallymed
(Lesmans et _al., J. Mol. Appl Qenet. 1 (1981),
149-184). - B o

The acceptor Ti ptasmid fusthermore contains
sequencas (4) which are essantial for the transfer by
Agrobacterium of the T-region of the Tiplasmidsinto -
plant cell genomes. - -

The construction of such acoeptor Ti plasmids
and their cointegration with Intermediate cloning
vectors illustrated in Figs. 2 and 3 will be described
later in connection with the discussion of Fig. 4.

in Figs. 2 and 3 we have shown simplified
diagrams of intermediate cloning vectors for the
cloning of any prokaryotic or eukaryotic gene(s) of
Interest to be expressed, i.e. transcribed under the
contro! of & promoter and transiated in plant cells.
These intenmediate cloning vectors contain a DNA
sagment (3') from a. cloning vehicle containing 8
DNA. sequence which is homolcgous with at least a
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part of the DNA segment (3) of the accaptor T

"plasmid thus permitting & single crass-over event.

Moreover, the intermediate cloning vectors contain
at least one gene of interest (5; 7) which contains
gither its natural or an exogencus promoter se-
quence. The promoter sequence afllows the express-
ton of the inserted gene sequence(s}. The use of an
exogenous promoter sequence (tatlored promoter)
may be useful for directing the expression of the
inserted gena(s) in a regulated fashion. -

Examples of different types of regulation inchude
the tollowing : (i) tissue-specific expression, i.e.
leaves, roots, stem, flowers; (8) fevel of expression,
i.e. high or low; and {iif} Inducible expression, L.e. by
temperature, light, or added chemical factors.

Exampies of genes of interest for the intermediate
cloning vectors are : DNA fragments or sequences
with the genetic information controliing the syn-
thesis of products such as amino acids or sugars to
modify the nutritive or growth potential of & plant; or
products which provide protection against aextemal
pathogenic agents such as resistance to disease
organisms or stressful environmental factors; or
products which provide information on basic plant
pmcessesmchamtobemodlﬂodb'yganeﬂc
enginsering technicues.

Figures 2 and 3 each show intermediate cloning
vectors which may contain selectable marker genes
(6). Examplas of selectable marker genss are those
encoding resistance to antiblotics or toxic analogs

" {for exampte, emino acid analogs), or genes which

can supply a defect in the reciplent host cefl.
Figure 4 flustrates the structures involved in the

construction. of__hybrid T ptasmid_vectors and

Frguredeqribesﬂwaﬁualoon}ugaﬂmsteps
involved in the isolation of Agrobacterium camrying
the hybrid Ti plasmid vectors. Since the intarmediate
cloning vector is constructed in E. coll these steps
are necessary to transfer the intermediate cloning
vector to the acceptor Tl plasmid in Agrobacterium.

The known transfer process which was used to
pmuemomdﬂmmmcnapuﬂmd

_the T-region was replaced by an aitered sequence

involvas many steps. Normally, most DNA recombi-
nant manipulations are done In specially designed
cloning vehicles such as pBR322 (Botivar, Gene 2
(1977). 75 -83). However, these cloning vehicies
cannot transfer on their own to Agrobacterium. in
the known process this problsm is solved by :

a) repiacing the pBR cloning vehicle se--

quence by ancther wide-host-range cloning
vehicle, such as the mini-Sa ptasmid (Leemans
et al., Gene 19 (1882), 361-384), capable of also
replicating m Agrobacterium. The manipulations
are effected in E.coli. An intermediate cloning
vector is obtained.

b) Conjugation of the E. coil strain carmrying
the intermediate cioning vector contalning the
DNA of interest with another E. coll strain
carrying a helper plasmid which cannot repl-
cale in Agrobacterium but which can mediate
transter of itself and other DNAs to Agrobacte-
rum.

¢) Conjugation of E. coli obtained in step (b)

with Agrobacterium containing a Ti plasmid. The |
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helper plasmid is lost.

d) Since the intermediate cloning vector is
capable of replicating and existing in Agrobac-
terium as a separate replicon, the conjugants
obtmined In step (c) are a mixture of cells
containing either the cointegrate between the
intermediate cloning vector and the Ti piasmid
or other cells conimining the intermediate
cloning vector and the Ti plasmid where no
cointegration has occurred. in order to spacifi-
cally isolate only the cointegrates, a second
conjugation to another Agrobacterium strain
without a Ti ptasmid must be performed. This
transfer tt mediated by functions encoded by
the Ti plasmid itself. Transfer of the intermeadiate
ocloning vector info the second Agrobacterium
strain Is effected only n ‘the form of a
colintegrate with the Tt plasmid.

o) In order to obtain the final modified Ti
plasmid with the desired replacemant a second
cross-over event s eftected (Leemans et al., J.
Mol. Appl. Genet. 1 (1881), 149-184).

: 'Theonlyotherknwnmtt\odisessetmaﬂyme

same as outtined above, except that for step (d)
anoﬂ'oerplaamldwhld\lsnotcompmlblewmnhe
ntermediate cloning vector Is introduced into
bacterium; in this case, the comtegration (sk
Croas-over avent) can be selected for since all the
intermediate cloning vectors which remain as inde-
pmdentmplbmwmbelost(mg_g.d.w.
, Genet. 1 (1881), 38-48).
%Ibeanovalandmudlsuwnﬂedmeﬂmd .
tor the Introduction of intermediate cloning vectors-
into acceptor T plasmids of A robacterium. Briefly, .
this method lsbmdmtﬁik\dlr\gﬁmthelper
plasﬁdsd&eolaﬂow&ansmofmanydm
commonly used cloning plasmids (such as pBR322)
directly to Af um. Since none of these
piasmids can replicate in A only those
which can cointegrate with accepetor Ti plasmid
will be retained. In addiﬂon.wousomiamcoh:grate
lnAgmbacteﬁumaaavedoreompos on direcity
for infection of plant cels. In this manner we have
ellminated staps (d) and (e) described above which-
greatly increases the possibiities for using the
nmptorﬂphsnﬁsasmmwmto

'phnteeﬂgenomeabybothdeaustngﬂum

required for constructing madifiad hybrid Ti plas-
mids and Increasing the fiexibility of the possible
constructions. A
Thus.nouﬂimdlnFlgumB.thalmrodudionof
the Intermediate cloning vector into the acceptor Tl
plasmid is accomplished in two steps. First, con-
jugation of E. coll strain (1) canying the intermediate
cloning vector to another E. coll strain (2) camrying
twoplaamldam\ld\mhelptomhmzethe
intermediate cloning vector to Agrobacterium. Typl-
cal and preferrad examples of these helper plasmids
are R64drd11 containing mob functions and pGJ28
containing tra functions (Finnegan et al., Mol. Gen.
Genet. 1857(1982), 344-351). A bom site (Wairen et
al,, Nature 274 (1878), 259-261) on the cloning -
Vehicle of the Intermediete cloning vector is recog-
nized by the functions encoded by the other two
plesmids to allow transfer to occur. Al plasmids
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should preferably contain antibiotic resistance mar-
kers to detect their presence. Secondly. the E. col
strain obtained, i.e. the mobilizing strain (3) canrying
all three plasmids is conjugated to Agrobacterium

contalning an accaptor Ti plasmid with a region of

homotogy with the intermediate cloning vector. A

single cross-over event betwaen - the intermediate

cloning vector and the acceptor T plasmid is
detectable by selection for the antiblotic resistance
marker of the intermediate cloning vector.

-Figure 6 schematically fllustrates the DNA mole-

cules used to construct the acceptor Ti plasmid
shown in Figure 1, We call this acceptor Ti plasmid
(A) to distinguish it from the other acceptor Ti
plasmid {B) (Fig. 8). The construction requires &
double croas-over event between a Ti plasmid and
another plasmid carrying the border saquances (1)
and (2) in a cloning vehicle {3). As Hlustrated in the
figure, the cloning vehicle sequence (8) lies between
border aequence (1) on the left and {2) on the right;
in order to show the correct polarity of the DNA
strands, this can be drawn on a circle. However, to
show the regions of homology used in the double
cross-over svent, this circie has been broken as
indicated. This is an important subtiaty to realize and
ltlsalsousedhmeoonmnx:ﬂmofmptor'l'l
plasmid (B) in Figure 8, i.e., it border sequences (1)
and (2) were simple inserted within cloning vehicla
sequence (3), a double cross-over event would
produce a Ti plasmid with a deleted T-region but
without the cloning.vehicte sequence between the
border sequences (1) and {2). As also shown here in
F!gurqs.thedoubbcroso—ovummalsoprodum
a circular. DNA molecule which contains the original
- T-reglon. between border sequences (1) and (2); as
this is hot a replicon, it will be lost. Genetic selection
for these events can be achleved by, for example,
salecthgformebssofananﬂbloﬁcres!sm
marker contained within the T-reglon of the T
plasmid and selecting for an antiblotic resistance
marker contained ‘within the cloning vehicle se-
quence (3).
Figure 7 schematically lllustrates the construction
. of an intermediate cloning vector of Figs 2and 3. A
gene of interest {6} and a selectable marker gene
(6), each brackated by a restriction endonuciease
site Ri or R2, , are Inserted into &
cloning vehicie sequance (3) which contains unique
restriction sites for enzymes R1 and R2 by digetion
and ligation of &l molecules. The recombinant DNA
moleculs obteined is used to transtorm E. coll host
ceﬂsendumstonnantsmsalactedfortheami-
biotic resistance marker (Ab™) of the cloning vehicle
sequence (3).

Figure 8 schematically filustrates the DNA mois-
cules used ta construct another embodiment of ths
invention, Le. acceptor Ti plasmid (B). Here a double
eross-overevmtoccmsbetweennﬂphsnﬂdmda
plasmid containing the cloning yehicle sequence (3)
between the DNA sequences (9) and (10), which are
jocated just outside the border sequances (1) and
(2); in order to ifustrate the homologaus reginns
used in the cross-over event the small plasmid has
been broker: (es in Fig 6). The product of the double
cross-over event Is acceptor Ti plasmid (B) and
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another circular DNA molecule which is lost contain-
ing the T-ragion from the original Ti plasmid plus the
DNA sequences (2), (10), (9), and (1). Genetic
selection can be as described for Figure 6.

_Figure 8 schematically illustrates an intermediate

cloning vector to be used in combination with the’
. acceptor Tl plasmid B of Figure 8. Here, the gene of

interest (5) is Inserted betwesn the border sequen-
ces (1) and (2) which are contained in a cioning
vehicle sequence (3).

Figure 10 schematically flustrates how a single '

cross-over event introduces the intermediate clon-

Ing vector of Fig. 9 into the acceptor Ti plasmid (B)..

in this case, selection for the antibiotic resistance
marker of the cloning vehicie saquance (3') of the
Intermediate cloning vector ensures that a hybrid Ti
plasmid can be found which is the result of &
cointegration between tha two plasmids. A hybrid Ti
plasmid s produced with the gene of Interest

contained within the border sequences (1) and (2}. .

The hybrid plasmid thus constructed does not

cantain In Its T-region a sequence which is a direct

rapeat (as for exampis the sequances (3) and {3) in
hybrig Vi plasmid of Fig. 4. avoiding possibie
problemsofhstabﬂhyofmehybrwvscmrnronha
transformad DNA in ths plant cell genomes as a result
of intramolecutar recombination.

Unpublished resuhts from our taboratory also
indicate that for construction of the Intermediate
vector in Flg.s.nlsnotessentialtommmborder
sequencas1apdz;hissmﬁdembutessenﬂalto
have at least the right border sequence (2) (see Fig.1
and Flg. 8), In order to obtain Integration of the
desired DNA sequence into the plant genome.

Knowledge of the restriction endonucisase maps
of the Ti plasmids of Agrobacterium, e.g. nopaline or
octopine T plasmids (Depicier et al, Plasmid 3
(1980), 193-211; De Vos ot al, Plasmid & (1881),
249-253), plus the knowledge of the restriction
tragments which contain the TJ-DNA border regions
{Zambrysid- et al, J. Mol i Qenet 1 (1982),
361-370; De Boucksleer et al., Mol Gen. Genet. 183
{1981), 283-288) enables now any investigator to
oconstruct acceptor T plasmids according to the
process of this invention. The only additional skill
required Is the ebiiity to perform conventional
recombinant DNA techniques and basic bagterial
genetic manipulations. The present invention ls
unique In that it

specifically )
accemorﬂplasmldswtdehhmbemshowntobe

effective for the construction of hybrid Ti plasmid
vectors; furthermore these acceptor Ti plasmids ere
designed to form part of a process to introduce
genos into the plant celi genome.

in arder to further lustrate the disclosed acceptor
Ti plasmids, intermodiate claning vectors, hybrid Ti
plasmid vectors and vector compositions, and to
demonstrate the affectivenasas of the vector compo-
sitione in providing transformed plant cells and
plants showing expression of the forelgn gene(s)
integrated into the plant cell genoms, ths following
examples are
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Example 1

Construction of acceptor Ti plasmid pGY3850 (type
A : '

Starting strains and plasmids :
Agrobacterium _tumefagiens  (rifampicin-resistant
straln C58C1, and chioramphenicol-erythromyoin-
resistant strain C58C1 derived from wild-type Agro-
bacterium
Ti plasmid =~ p@GV3838
Plasmid of Fig. 11 = pAcgB !
The Ti plasmid pGV3839 is constructed form a

nopaline plasmid pTiC58tra® (pGV3100; Hoisters et-

al., Plasmid 8 (1880), 212-280). It contains a deletion
substituion mutation near the centre of the T-re-
gion; the Smal fragment 24 internal to - Hindill
fragment 19 {Depicker et al., Plasmid 3 (1980),
183-211) has been substituted by a Hindll fragment
of pKC? (Rao et al, Gens 7 (1974, 76-82) which
contains the apf (acetylphosphotransferase) gene of
TnS. This gene codes for resistance to the aminogiy-
cosides neomycin and kanamycin. Figure 12 gives a
 restriction map of the T-feglon of pGV3838.

The plasmid pAcgB is an Insert of AcgB in pBR322
which contains only the borders of the T-DNA (see
Fig. 11). The borders are defined as the ends of the
T-DNAandthesanglomp!ayaroIehmmh!a
integration of the T-DNA into the plant cell genome.
The origin and analysls of this clone has bean
described in. detall (Zambryskl. et al, Sclence 208
(1980}, 1385-1381). This clone was obtained by
reisolating portions of the T-DNA from trenstormed
tobacco DNA. pAcgB contains the junction af two
T-DNA copias which are arranged In tandem so that
it contains the left and right borders of the T-DNA. In
addition, pAcgB contains the nopaline synthase
gene since this genetic Information maps vely close
1o the right T-DNA border. The plasmid pAcgB le

~ used for the construction of an *A-fike” acceptor Ti
plasmid, p@V3850. Figure 6 outlines the structures
involved and Figure 13 gives more precisely the
regions of DNA involved in the double cross-over
events leading to pGV3850.
The described plasmid pAcgB camies a
‘ColE1-specific bom site in the pBR322 portion and’
can be mobilized from E. coll to Agrobacterium by
using the helper plasmids RBAdrd11 and pGJZS. The
plasmids R6é4drd11 and pGJ28 contained in E. coll
are introduced into ths E. coll strain carnrying pAcgB
by conjugation. Transconjugants are selected as
ampicilin-resistant {from the pBR322 sequences of
pAcgB), streptomycin-resistant {from R64drdi1)
and kanamycin-resistant {from pGJ28) colonles.
The E. coli strain carrying all three piasmids is
conjugated to A erium stain C58C1 which is
ritampicin-resistant and which contains the Ti plas-
mid pGV3839. The ampicifiin-resistance of pBR322is
used lo select for the first single cross-over event
with the nopaline Ti plasmid. The only way that the

ampiciliin resistance can be stabllized in Agrobacte-

fium is a cross-over event upon homologous
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racombination with pGV3839 through one of the
homology regions near the T-region borders. By a
second cross-over event through the other homo-
logy region, the central portion of the T-region of
pGV3839 inciuding the apt gene (kanamycin resist-

" ance) s replaced by the pBR322 sequances of the

clone pAcgB. Second recombinants are thus ampi-

" cliin-resistant and kanamycin-sensitive. To increase

the probabliity of isolating & second recombinant,
the rifampicin-resistant Agrobactarium cartying the
first recombinant (pAcgB::pGV3B3%) is conjugated

. with a second chioramphenicol/erythromycin-resis-

tant Agrobacterium strain without a T plasmid. In’
this manner, a duomphem::ollerythromydn-msis-
tant Agrobacterium pGV3850 can be obtained which
is ampicilin-resistant end kanamycin-sensitive at &
frequency of approximately one in €00 coloniss.

Of course, there are other Tt plasmids which can
be utilized to construct pGV3850-type acceptor Ti
plasmids. Any TI plasmid camying a selectable
marker gene near the centre of the T-reglon may be

- used as a reciplent. Furthermore, a pAcgB-like

ptasmid may be constructed by inserting the
T-region border fragments into pBR322 in such a
way that the pBR322 sequences lie in-batween the
left border fragment and the right border fragment in
the orientation istt border fragment -pBR322 right
border fragment. For example, the lsft and right
border fragments of the nopaline TI plasmid are
Hindiil ragment 10 and 23, respectively (Depicker et
al, Piasmid'8 -(1880),'183-211).
'A_single_oross-over: evant will_Introducs an
Intérmediats cloning vactor containing any gene of
interest which s Inseried in pBR322 (or its deriva-
tives) into the modified T-DNA region of p@V3BS50.
The only requirement Is that the DNA to be
infroduced containd an additional resistance marker
gene fo those already found in pBR322 to use as a

_ means to Select for the transfer of the intermediate

cloning vector from E. coli to A This
resistance marker can be contained either within the
pBRsequemes'(sud‘na"scm"fnrpBWoer“

" for pKC7) or within the DNA which I5 to be tested in

the plant-cell. in addition, in the accaptor Tl piasmid
pevassounAp_"gmpp_B@mberephoedby
another resistance marker gene such as Km®; inthis
way even Intes
vectors which are Ap” can be directly mobilized to
this ike acceptor Ti plasmid.

An added advantage of the pQv3850-type accep-
tor Ti plasmid (s that It does not produce tumors in
transformed plant oes. Cells which have been
*transformed” by pGVS8S0 can easily be screened
trom untransformed cells by assaying for the
presence of nopaline as the shortened T-DNA region
of pGV3850 stil contalne the gene encoding no-
paline synthase. Of course, if the i
cloning vector which is cointegrated into the
acceptor Ti plasmid pGV3850 contains & marker
gene it can also be directly screened or selacted for.

Besides insertion of defined intenmediate cloning

. vectors contalning a pBR322 sequence by a single

sross-over evant Into the acceptor Tl plasmid
pGV3850, this acceptor Ti plasmid can giso be used
as a recipient for cloned banks of DNA in pBR322 or

N
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fts derivatives in a “shotgun’-type experiment. The

total population of hybrid plasmid vectors in Agro- .

bacterium can be used to infect plant cells and is
subsequently screened for expression of any setact-
able gene(s) of interest. For exampie, one can easly

select tor genes encoding amino acid synthesis by -

applying the total bank to plant celis which are
deficient in the chosen amino acid.
* The acceptor Ti plasmid pGV3850 has two

phenotypic characteristics : () the inability to -

produce tumors, and {If) the ability to synthesize
nopaline if T-DNA transfer occurs into the plant cell
genome. Thus, several experiments are performed
to check for these characteristics In various plant
fissues infected with Agrobacterium containing
paAV3ss50. .t
a) Tests with potato and carrot discs .

Inoculation of potato and carrot slices with the
-acceptor Ti plasmid pGV3850 results in the
production of a small amount of callous tissue.
This tissue is tested for the presence of
nopafine and is found to be positive. It Is
interesting that this mutant is able to produce
small calious tissue; however, it can only be
obtained if the discs.are grown in media
contalning low concentrations of both auxins
and cytakinins. "

b} inocutation of whols plants with ecceptor

Ti plasmid p@V38ES0 Tobacco and petunia
‘plantiets growing on sterlle agar media (without
hormones) are inoculated with pGV3850. A
'small amount of tissue growth can only be
observed after several months (normally *wild-

" type® tumors are dstected after two weeks).

"This tissue does not grow on hormone-free
_media but can be propagated further as sterile
tissue culture on media containing both auxin
and cytokinin. This tissue is also shown to be
nopaline-positive.

¢) Furthermore, since "trans-
tormed” celis are not tumor-like, these cells are
capable of regenerating into normal plants
which still contain in their genome the trans-
terred DNA segment. Normal plants will be
obtalned by culturing the transformed calis on
conventional regeneration media (see also
example 5).

To prove the usefulness of pGV3850 as an
acceptor plasmid the following experimsnt is per-
formed. An intermediate cloning vector containing
ongogenic functions of the octopine T-DNA in
pBR325 Is recombined into Agrobacterium harbor-
ing pQV38S50. The resulting hybrid T ptasmid in
Agrobacterium obtained by a single: cross-over
event is inoculated onto wounded tobacco plants.
Tumor tissus develops after about two weeks. This is
avidence that the tumor-inducing DNA is reintro-
duced into pGV3850 and Is expressed properly in
transformed plant calls,

Exampie 2
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Construction of intermediate cloning vectors
pGV700 and pGV750

An overview of the constructions is represented
schematically in figure 14. Hindili fragment 1,
representing the right part of TL-DNA of the
octopine Ti plasmid B6S3, and present in pGV021
{De Vos et al., Plasmid 6 (1881), 249-253), is inserted
first in the Hindlli site of the broad-host range vector
pGV1122 (Leemans et al., Gene 18 (1982}, 361-364).
The recombinant plasmid pGV0201 contains the
HindH) fragment 1 inserted in the unique Hindlll site
of the multicopy vector pBR322 (Bolivar et al.,
Gens 2 (1877), 95-113). pGV0201 and pGV1122 DNA
is prepared as described by Batlach et al., Fed.
Proc. 85 (1976), 2037-2043. Two pg of pGV0201 DNA
are totally digested with 2 units of Hindli (afl
restriction enzymas are purchased from Boehringer
Mannhelm) for 1 hour at 37°C In a final volume of
20pt. The incubation bufter is described by O'Farral
etal, Mol. Gen. Qenet 179 (1880), 421-435. Two ug
of pGVi122 DNA are totally digested with Hindil
under the same conditions.

One tenth pg of Hindlll digested pGV0201 Is
figated to 0.05 pg of Hindli-digested pGV1122 with

* 0.02 units of T4 ligase (Boehringer Mannheim) in a

final volums of 20 pl Incubation bufter and condl-
tions are as recommended by the manufacturer -
(Brochure "T4 ligasa®, Boehringer Mannhsim, Au-

gust 1880, $ 10.M.880.486). Transformation of the ...

ngaﬁonnixtmm‘lomwetentacollxs_uhar '

hsm* calls (Colson et al, Genefics 52 (1985),
7043-1050) is carried out as described by Dagertand =

Ehriich, Gene 6 {1980), 23-28. Cells are plated on LB
medium (Miller, in Malecular Genetics
(1972), Cold Spring Harbor Laboratory, New York)
supplemented with streptomycin (20 ug/mi) and
spactinomycin {50 pg/mi). T ransformants contalning
recombinant plasmids are screened for tetracycline
sensl tivity (10 pg/mi), due to the insertional
inactivation of the gene coding for tetracycline
resistance (Leemans et al, Gene 18 (1882),
361-364). Straptomycin- and spectinomycin-resis- '
tant and tetracyciine-sensitive clones are physically .
characterized. Microscale DNA preparations are’
performed according to Klein et al. (Plasmid 3 -
(1980), 88-81). The orientation of the ﬂ_ndﬁl frag-
ment 1 in the Hindlll site of pGVit22 is determined
by Sall dlgeaﬂon.mgsﬂon(eondﬂonsaceordngto

O'Farrell ot al, Mol Gen. Genst. 179 (1980),

421-435) of recombinant plasmids gives 2 fragments

Aaﬂeragameqeldectrophomsb.lnﬁnn-odenm-

tion there are fragmerits of 0.77 kb and 22.76 kb,
wheroashthep—oﬂenﬂtontheremﬁngmerﬂad
10.33 kb and 13.20 kb. A recombinant plasmid with
the a-orfentaton Is used in subseguent cioning and
called pGV1168. ’

A Bgili-Sall fragment containing the left part of the
TL-DNA (including the left border sequence) is
introduced in p@V1168, cut with Bgltl-Safl. This
-tragment !s obtained from the recombinant plasmid
pGV0153 (De Vos et al., Plasmii 6 {1881), 249-253),
containing BamHi fragment 8, from the T-reglon of
pTiB3S33, inserted in the vector pBR322. pGVO163
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and pGV1168 DNA is prepared according to Betiach

?i_a!' (Fed. Proc. 35 (1978), 2037-2043). Ten ug of

pGV0153 DNA are completely digested with 10 units

of Bgifl and 10 units of Sall for 1 hour at 37°C in final
voiume of 100 pl. The digsstion mixture is loaded on

a preparative 0.8% agarose gel. The 2.14 kb

Bigli-Sall fragment is recovered from this gel by

electroelution as described by Aflington et al., Anal.

Blochim. 85 (1978), 188-196. Two pg of pGViied

DNA are totally digested by 2 units of Bglll and 2
_ units Sall. One tenth ug of Byli-Sall tragment DNAis

ligated to 0.02 pg of Bgiili-Sall-digestad pGV1168
* with 0.02 units of T4 DNA ligase in a final volume of

20 pl. The figation mixture is transformed into

competent E. coli K614 hsr™ hem* cells (Dagert and

" Erhlich, Gene 6 (1880 23-28). Cells are plated on LB

~ ‘medium {Miller, Experiments in Molecular Genatics

(1872), Cold Spring Harbor Laboratory, New York),

supplemented with streptomycin (20 ug/mi) and
spectinomycin (50 pg/mi).

Microscale DNA preparations (Kein et al., Plas-
mid 3 (1880), 88-81) are performed from strapto-
mycin- and esistant transtormants.
Recombinant plasmids in which 2.14-kb-Bglli-Sall
fragment is inserted In Bglii-Sall-digestad paviies
are identified by l-Sall digestion, ylelding 2
tragments of 2.14 kb and 21.82 kb. A plasmid with a
digest pattern corresponding to these molecular
weights (2.14 kb and 21.82 kb) Is usad for further
cléning ahd calisd pAGV1171. A 12.65-kb-fragment
from pGV1171 eomalna the right and left TL-DNA
border sequences (Do Bauckeleer et ., in Proceed-
ings IVth Intemational Conference on Plant Pa-
thogenic _Bacteria, ‘M-RId® (ed.) -(1978), LN.RA,,
Angers, 115-126), as well as genes which permit
oncogenic (Leemans et al., EMBO J.

prolfferation et al
(1882), 147-152). This Hindlll fragment is inserted -

' into the plasmid pBR325 (Bolivar, Gens 4 (1978),
121-136). pGV1171 ‘and pBRS2E are prepared ac-
cording to Betiach ‘ot al., Fed. Proc. 85 (1876),

2037-2043). Two pg of sach DNA are totally digested

with 2 units of Hindill for 1 hour at 37°C (incubation
bufter is described by O'Fasrell et gl Mol. Gen.
_Genet. 179 (1980), 421-435). One tenth ug of
Hindlli-digésted pQV1171 s figated to 0.05 ug of
pBRa25, linearized with Hindill, with 0.02 units T4
DNA ligase: Transformation of the ligation mixture In
_competent E. coll K514 hsr hsnr* is carried out as
described by Dagert and Ehriich, Gene 6 (1380),
23-28. Cells are piated on LB medium (Miller,
Experiments _in Molecular Qenetics (1872), Cold
Spring Harbor Laboratory, New York), sup-
plemnented with carbenciilin (100 pg/mi). Carbenicil-
lin-resisiant clones are screenad for sensitiv ity to
tetracycline (10 pg/mi), due to insertional inactiva-
fion of the gene coding for tetracycline resistance
{Botivar, Gene 4 (1678) 121-136). Carbenicilin-resis-
tant and tetracycine-sensitive clones are physically
characterized by restriction enzyme digestion of
DNA prepared from thase clones by the microscale
technique (Klein et al., Plasmid 3 (1980). 88-91).
BamHI digestion gives 4 DNA fragments : in the
w-orientation fragments of 0.98 kb, 4.71 kb, 5.98 kb,
and 7.02 kb are found whereas the f-orientation
gives tragments of 0.88 kb, 4.71 kb, 1.71 kb, and
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1120 kb. A recombinant plasmid corresponding 10

the o-orientation is obteined, calied pGV700, and
used for further experimants. R

pGV750 is derived from pGV700 by ingerting a
281 kb BamHi-Hpal fragment coding for kanamycin
resistance, for & S.49-kb-Bglll-Smzl fragment, en-
coding functions essential for oncogenicity, internal
to the TL-reglon tnserted in pGV700. The BamHI-
Hpal fragment encoding kanamycin resistance [s
obtained from A::Tnb (Berg et al., Proc. Natl. Acad.
Sci. USA 72 (1975), 3628-3632). Preparation of
A:TnS 15 as described (Miller, ts_in
Molecular Genstics (1872), Cold Spring Harbor
Laboratory, New York). pGV700 DNA is’ prepared
according to Bettach st al. (Fed. Proc. 35 (1976),
2037-2043). Two pg of pGV700 DNA are totaly
digested with 2 unita of Bgll and 2 units Smal, Two kg
of A::Tn5 DNA are totally digested with 2 units of
BamH) and 2 units Hpal. One pg of BamH!-Hpal
digested & :Tn5 s ligated 1o 0.2 pg BpFSmal-di-
gested pGV700 with 0.5 units of T4 DNA ligase ina .
final volume of 10 u! (conditions are as recom-
mended by the manufacterer). The ligation mixture is

- transformed In competent E. coll K514 hsr hsmr*

cells (Dagert and Erhlich, Gen 6 (1980) 23-26). Cells
are plated on LB medium (MiRer, i

n
_ Molecular Genetics (1872), Cold Spring Harbor

Laboratory, New York), supplemented with carbeni-
clifin {100 pg/ml) and kanamycin (5uglml).0b“and
Km® clones are physioally characterized by restric-
ﬂonenzymémlysbotDNApmpafedwrdingto

_ the microscale technique (Klein et al., Plasmid 3

(1880}, 88-01). BgliVBamHi doubie digests of this

'DNA gives 3 fragments of 3.84 kb, 589 kb, and 8.09

kb, whereas Hindlll digests ylelds 3 fragments of
268 kb, 5.89 kb, and 8.25 kb. A plasmid showing
theaodigesﬂmpaﬂembwbdpewsomdis
{lustrated schematically in Figure 17.

pGV700 and pQV750 are two different intermed}-
a&eclonlngvaﬂotemdwomalnm-leﬁmdﬁgm
border sequences of TL-DNA of the octopine Ti
plasmid pTiBES3; in addition, the internal T-reglon is
deleted to different extents in each of the two
plasmids. pGV700 contains a shortened T-region
with genetic information for octopine synthase
(transcript 8), and 8 other products, 4, 63, and 6b
(see Wilmitzer et al, EMBO J. 1 (1882), 139-146, for
a description of T-region products). The combina-
ﬂonofmeaettraepfoduuts(&sa.sb)wﬁluuse
shoot formation in transtormed plants. pGV760
contains even less of the T-reglon, Le. only the
octopina synthase gene. The Information for pro-
ducts4.6&.andﬂbmsbeensubsﬂhnadbym
antibiotic resistance marker gene encoding kana-
mycin {neomycin) resistance.

pGV700 and pGV?SOmexnmpbsoﬂmmediate
cloning vectors which can be used with acceptor Ti

. plasmids of the B-type (sse Fig. 8 and example 3

below): these vectors are partially snalogous to the
oneshawnlnFlg.Qemeptttmttheydonotcontaha
gene of interest. A gene of interest can be easily
inserted into these vectors as they contaln single
restriction endonucleasa sites for cloning within
theilr modified T-regions (see Figs. 14 and 15).
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Exampie 3

Construction of acceptor Ti plasmid pGVZSO {type
B) :

Starting strains and plasmids :

Agrobagcterium tumetaciens (rifampicin-resistant
straln C58C1 and erythromycin-chioramphenicol-re-
sistant strain C58C1, derived from wild-type Agro-
bacterium)

Tl pasmid = pGV2217

Intermediate vector (Fig. 18) = pGV745 -

The construction of the Ti plasmid pGV2217 has
bean described in detall (Leamans et al., EMBO J. 1
(1982), 147-152). It contalns a deletion substitution
mutation of the entire TL-region of the octopine Tl
plasmid : the BamHi fragments 8, 30b, 28, 17a and
ﬂnelsﬁs.mltbw}-_ﬁc_gmmmmme BamHl
tragment 2 (De Vos et al., Plasmid 6 (1981), 248-253)
have been substituted by an EcoRi-BamH fragment
of pKC7 {Rao & Rogers, Gene7 (1878), 76-82) which

is describad as follows. The recombinant plasmid
pAV713 was derived from the octopine Ti plasmid
subcione pGC0219 (De Vos et al., Piasmid 6 (1981),

249-253), containing Hindlll fragment 14, 18¢; 228

and 38¢ in a-orientation. pGV0O218 DNA was di-
i to completion with-BamHl and subsequently
Egmdmderoondnbnawhlchfavwaelfngaﬁonm
theplasmw(ﬁnaloomemmtimofDNAInngaﬂm
mixture < lpg DNA/mI). Transtormants were se-
tected for ampiclin resistance, and physically char-
acterized by restriction enzyme digestion. A clone,
which no longer containa the 6.5 kb BamHl fragment
present In pGV0219, was isolated and called
pGV713. This clone pGV713 was used in gubsequent
cloning (see below). The recombinant - plasmid
p@V738 was derived from pGV0120 (De Vos et al,
Plasmid 6 (1981), 248-263), containing BamH| frag-
ment 2. pGV01mDNAwandloestaduthLoRIand
soffligated (as above for the construction of
pQV713). Transformants were selected for ampicilin
resistance and analyzed by restriction enzyme
digestion. A clons in which EcoRl fragments 20, 12,
mdaa.ssu:oEcommmmmkﬂngpanof
EcoRl fragment 19a and part of pBR322 were
Jeleted, was used in further cloning and calfled
pGV738. This plasmid stil contains a 565 kb
EcoRi-BamHi fragment from the right part of BamHl
gment 2 (De Vos etal, Piasmid 6 (1881), 249-253).
Next, pGV713 DNA was digested with Hindill and
BamHl, and the digest was applied onto & prep-
arafive agarose gei. After elactro phoresis the 2.30

kb Hindll- BamHl fragment, contained within™

pGV713, was purified by electroelution (as de-
scribed by Aliington et al., Anal. Biochem. 85 (1975),

$88-196). This fragment was lgated to pGV738,
digested to campletion with Hindlll and BamHl. After
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transformation, ampicilinsresistance clonas were
physically characterized by restriction enzyme di-
gestion. For example, EcoRi-BamHI digestion
should give 2 fragments of respectively 3.98 kb (=
vector part) and 785 kb (= insert part). A

. reconbmn’(plasmtdwﬂhmesectmcteﬂsﬁcswas

called pGV745 and used as Intermediate vector for
the construction of the acceptor T plasmid

V2260.

The plasmid pGV745 contains a ColE1-specific
bom site in the pBA322 portion and can be mobilized
from E. coll to A erium by using the heiper
plasmids R64drd11 and pGJ28, es described in
example 1 (construction of the acceptor Ti plasmid

).
pGV745 was moblized to Agrobacterium strain
C58C1 which Is rifampicin-resistant and contains the
Ti plasmid pGV2217. The first cross-over event was
selacted by using ‘the ampiciliin rasistance of
pBRmmthesamewnyasdmﬂbeGMemmle1
(the construction of the acceptor Ti plagmid
pGVSB&).Byamwmrmmthe
deletion substitution mutation present in pav2217 is
replaced by the pBR322 sequences of the plasmid
pGV745. Second recombinants ware picked up by
directly soreening the ampiciiin-resistant transcon-
which resuttad from cointegration of
pGV745 with pGV2217, for the loss of kanamycin
resistance. In this way, & rifampicin

straxnmem.uumtngpavzeso(wemnsts-

), was obtained.

Tl:ﬂsﬂ- wil be used as an

. accaptor plasmid (typeng) tor imermediate cloning

ampicillin resistance”gene; the-origin of replication
mmggg_sneupam; (@) = DNA fragment
contnlntngmeleﬂandﬂghtbordarsewsdme
TL-DNA.andanadd_itlonalresbtnncamrkerto

* those elrsady present on pBR322, which will enable
megmﬁcmcﬁmforﬂwmfudmlmerp'

mediate cloning vector from E. cofl to
Maswanasfnrltncol_m n in ths acceptor Ti

- plasmid pGV2260.

For example, we have been able to show that
Agral ‘canying &’ -cointegrate betwesn
va2260mdpGV700bo¢abIechransfuﬂngm
) DNA sequences (those contained bet-
waen the T-DNA borders) to plant celt ganome. The
transformed ph‘nteoﬂsmbﬂmeexpectedphmo—
type i.e. tumors which produce shoots, given that
pGV700 eonmﬁwgeneﬂclrﬂamdontctttm
products (4, ea.-ab:seevwmﬂm!gt_d.,vEMBOJ. 1
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Construction of an intermediate cloning vector
contalning a gene to be expressed in plants

Until the present invantion, insertion of whois
genes into more or less random positions within the
T-region of Ti plasmids has not resulted in express-
ion of the forelgn sequence following transfer to the
plant genome. According to the process of this
invention, the coding region of (any) foreign gene(s)
of interest is linked to transcriptional initiation and
termination signais which ere known to be functional
in the plant cell. The usefulness of this approach is
demonstrated according to the present invention by
experiments involving the DNA saquences encoding
the nopaline synthase gene. The entire sequence of
this gene and the exact start and stop of transcrip-
tion are known (Depicker et al., J. MoL Appl. Genet. 1
(1982), 561-574}. According to the presant Invention,
the protein-coding region of any foreign gene can be
inserted adjecent to the nos promoter. As an
example of a forelgn gene sequencs, the coding
region ot the octopine synthase gane {De Creve ot
al., J. Mol. I_\%I. Qenet. 1 (982), 499-512) is inserted
adjacent to the nog promoter. This construction is
mobilized into an acceptor Tl plasmid and used to
infect plants. The resulting tumor tissue Is assayed
for the presence of octopine, and Is found to be
positive. Co

The construction of the Intermediate cloning
vector containing the chimeric nopaline promoter .
octopine synthase structural gene is shown and
described In figures 18 to 20.. '

Briefty, the restriction fragment Hindll-23 contain-
ingthéﬁmismgimedhmotom
most the nos coding and retain the nos

_ promoter adjacant to the restriction endonuciease
site BamHMl (Fig. 18). Ten pug of pGV0422 (a pBR322
derivative carrying the Hindill-23 fragment which
contains the -complete nos gene; Depicker et al.,
Plasmid (1980), 133-211) are digested with SaudA
and the 350 bp fragment cantying the nos promoter
is isotated from a preparative 54b polyasrylamide gel.
The promoter fragment is ligated to Bglll-out pKC7
(Rao et al., Gene 7 (1979), 79-82) previously treated
with bacterial alkaline phosphatase (BAP) to remove
5'-terminal phosphate groups. Twenty g of the
resulting plasmid (pLGV13) are digested with Bglll
and treated with 7 units of the Bal81 exonuciease
(Biolabs, New England) for 4 - 10 minutes in 400 ul of
12 mM MgClz, 12 mM CaClz, 0.8 M NaCl, 1 mM
EDTA, and 20 mM Tris-HC, pH 8.0, at 30°C. During
this time approximately 20-50 bp of DNA are
removed. The Bal31-treated moleculaes are digested
with BamHi, and incubated with the Kienow fragment
of DNA potymerase and all four deoxynucleaside
triphosphates (at 10 mM each) to fil in the ends.
Plasmids are screened for a ragenerated BamH! site
derived from the ligation of a filled-in BamHl end and
the end of the Bal31 deletion. The sizes of the
BamHi-Sacll tragment of several candidates ere
estimated in a 6% urea-polyacrylamide gel, and the
nucleotide sequences of the candidates with sizes
ranging between 200 - 280 nucleoiides are deter-
minec. The clone pLGVB1 containing the Sacli-
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-of the

BamHI fragment of 203 bp carrying the promoter is
Used to substitute the Sacli-BamHI fragment in the
m_s_genempavow:trueﬂmpmmmsrvemoris
called pLGV2381, All the recombinant plasmids are
selacted by transformation of the E. call strain
HB101. N

The plasmid vector containing the engineered nos
promater Is digested with BamHl and the coding
sequence for ocs which is contained on a BamHi
tragment Is inserted into this site. The ocs coding
saquence Is also engineersd in vitro to be bracketed
by the Bamti restriction endonuciease site as
described In Fig. 19. Ten pg of BamHl fragment 17a
octopine Ti plasmid B8S3 (De Vos et al.,
Plasmid 6 (1981), 248-253) are digested with BamH|
and Smal, the fragment containing the ocs-coding

" sequence isolated form a 1% agarose gel, and

ligated to the large BamHiPwull fragment of
pBR322; 20ug of the resulting plasmid, pAGVE28, is
digested with BamHl, treated with the exonucisase
Ba31 as described in Figure 18, subsequently
digested with Hindill, and the ends are filled-in and
seif-ligated. The sizes of the Bal31 deletions are
estimated in & 6% polysorytamide gel. The nucleo~
tide sequences of several candidates are dater-
mined, and a candidate having only 7 bp remaining of
the 5'-untransiated leader sequence is chosen for
turther work (pOCSA). In order to bracket the acs
sequence with BamHl sltes, the Clal-Rsal fragment
is filed-in and subcloned into the Ball site of pLC236
{Remaut et al., Gene 15 (1881), 81-83), The resulting -
plasmid pAGV40 s digestod with BamHl, the
fragment camying the ocs ssquence lsolated by
electroelution from a preparative 1% agarose gel,
and ligated to pLAV2S81 p cut with BamH, -
and treated with BAP (bacterial akafine phospha-
tass). The Insertion of the ocs sequence in
pL@V2381 Is obtained in both orientations (pNO-1
and pNO-2). .

The nuclectide sequences showing the axact
junction point in the nos:ocs fusion are shown in’
Fig. 20. .

Further, the plaamid vector containing the engin-
eeredmspmmoterlsusodtolnsertoﬂklromm

plasmid R67 which encodes the enzyme dihydrafo- -~

late reductase. The coding sequence contatning the
dihydrofolate reductass gens is contained on a
BamHl fragment as described (O'Hare et al., Proc.
Natl. Acad. Sci. USA 78 (1881), 1627-1631), and thus
is easlly inserted into the noe promoter vector
containing the BamH site adjacant to the promoter
region as described above. This gene is an example”
maselsumbienwkorgene(soeformmpbﬁgs.a
3,45 and 7) since when expressed it provides
resistance to the antibiotic methotrexate. When this
intermediate cloning vector is moblfiized into an
Agrobacterium containing a wild-type nopaline ac-
ceptor Ti plasmid, a single cross-over svent occurs
and a hybrid Ti plasmid vector is obtained. The
vector composition is used to infect plants. The
resutting tumor tissue b8 found to be capable of
sustained growth in the presance of 0.5 pg/mi
methotrexate.

The construction of the imermediate cloning
vectors contalning the ocs and dihydrofolate reduc-
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tase coding regions behind the nos promoter
described above, and their transfer and expression
in transtormed plant cells following cointegration
with the Ti piasmid of Agrobacterium provides
evidence that foreign genes can be transferred and
expressad in plant cells according to the processes
of this invention. .

Example 5§

Isolation of plant calls and plants containing the -

desired gene(s) inserted in their chromosomes

We have obtained plant cells and whole piants
transformed with non-oncogenic acceptor Ti plas-
mid derivatives (e.g. pQV3850) using any ‘of the
following three methods :

{1) inoculation in vivo of whole plants fol-
lowed by subsequant culture in vitro on media
which allow the regeneration of shoots;

{2) cointection in vivo of whole plants in the
presence of other Kgrobactena strains which
directly induce shoots at the wound site;

(3) cocuttivation n vitro of single plant cell
protoplasts.

We will desoribed each of these methods below.

o Theﬂrm_mampdisbasedonamcdlﬂmhnof
methods normally used to obtain infection of whole

- plant tisaues with wild-typs Agrobacterium strains
- whmmsultqmmmwonofamganm.
Sinte pGV3850 is a non tumor-producing (nonon-
cogenle) -Agrobacterium derivative,. no tumorous

_gmwﬁﬂsobwvedntminfectsdsne'.l-iowm.lt
the infected tissue is removed and propagated in
tissus culture, transformed tissues can easily be
obtained. After an initial culture period (simple to
increase the mass-of the tissue) the wound site
tissus is grown under conditions which allow shoots
10 form. Both untranstormed and pGV3850-trans-
formed cefls will produce shoats. The transtormed
shoots can easily be distinguished by a simple assay
for the presence .ot nopeline.

We have obtained pGV3350-transtormed calli and -

shoots derived from decapitated tobacco plantiets
of Nicotiana tabacum  Wisconsin S8 using the
folowing protocol (all manipulations are done under
sterfle conditions in a laminar fiow hood).

(1) Use B-week old tobacco seediings grown
in small jars (10 cm diameter x 10 om height) on
solld Murashige & Skoog (MS) medium (Mura-
shige and Skoop, ML Plant. 156 (1952)
473-487) conteining 0.8% agar.

(2) Remove youngest top leavas with 2

scalpel and discard.

(3) Inoculate wound surface with a spatula or
toothpick containing Agrobacteriumn derived
trom a fresh plate culture grown under selective
conditions {e.g. for the rifampicin-resistant,
ampilcilin resistant A@bacterlut_g strain con-
taining T! plasmid pGV3850, YEB medium
containing 100 pg/mi rifampicin and 100 pg/ml
carbenicllin are used; YEB medium : § g/l
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Bacto beef extract, 1 g/l Bacto yeast extract, 5
g/l peptone, 5 g/l sucrose, 2 X 103 M MgSOa,
pH 72, and 15 g/| agar). Inoculate at least 8
plantlets for each p@V3850 construction.

(4) Incubate 2 weeks; there should be little or
no response at the site of inoculation; some-
times very tiny calll eppear.

(5) Remove a thin section less than 1 mm
thick from the wound surface.

Incubate wound surface on a plate containing
Linsmaier & Skoog (LS) agar medium (Lin-
smaier and Skoog, Physlol. Plant, 18 (1865)
100-127) with auxins and cytokinins (1 mg/l
NAA, 0.2 mg/t BAP) and 1% sucrose.
_ (8) Atter about 8 weeks cailus should be large
enough, about 5 mm dlameter at least, to test a -
portion for the presence of nopaline. Not all
wound calll produce nopaline; approximately
one in-four plants produce a nopafine-posktive
wound callus. T
(7) Transfer nopaline-positive: calli to agar
. plates containing regeneration medium : LS
medium as above + 1% sucrose and 1 mg/
BAP cytokinin.

(8) Good-sized shoots (1 cm high) appear
siter about 4-6 weeks. Transter the shoots to
tresh agar plates containing LS medium + 1%
sucrose without hormones to allow further
growth énd root formation.

(9) Let shoots grow 1 or 2 waeks such that a
portion {(one or. two smal leaves) . can be
removed to test for the presence of nopaline.. -

(10) Transfer nopaline-positive shoots to
larger vassels (10 cm jars as above containing
MS medium as in (1) to grow further.

N.B. All plant culture media for infected tissues
contain 500 pg/mi of the antblotic cefotaxime
(Claforan®, Hoechst) as & selection against Agrobac
terium containing p@V3850. This drug works well to
prevent growth of all Al (Including those
which are carbenicliin-resistant). - - -
Another method to obtain transformed and shoot-
ing tissues has besn recently developed In our
laboratory. This method is based on the observation
that certaln mutant Ti plasmid strains of A
dum Induce crown gall turiors which producs
ahoots. Such shoot-inducing (shi) mutants map toa
particular region of the T-ONA (transferred DNA
sagment) of the T plasmids of A. tumefacians
(Leemans et al., EMBO J. 1 (1982) 147-162; Joos et -
al., Cefl 32 (1883) 1067-1067). Often the Induced
shoots are compased of compistely normal untrans-
tormad cefls. Thus, we tried to inoculate plants witha

: mmedmdnmnwmmym

an octopine Ti plasmid shooter mutant and the other
carrying pGV3850, in this manner, there Is & good
chance that the octopine shooter mutation can
induce shoots which have bsen transformed with
pGV3B50. We have inoculated plants with Agrobac-
terium comaining Ti plasmid pGV38SD and an
octopine shoot inducing Ti plasmid In a 5:1 ratio. In
this way we have obtained pGV3850-transformsd
shoots; these shoots are easily screened by as-
saying for the presenae of nopaline. This method
avoids the need for any elaborate tissue culture
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methods. The nopaline-positive shoots are trans-
ferved to media containing simple salts and sugar
with any growth-regulating honmones to allow
further growth. After the shoots have reached a
sufticient size they can aaslly be transterred to soil
for propagation. This coinfection procedure should
be particutarty useful for transforming plant species
which are not readily amenable to tissus culture.
Thus, a whole range of agronomically and economi~
cally important plants, such as legumes, medicinal
plants, and ornamentais will be abis to be engin-
eered by Agrobacterium.

Tha third procedure alows the isolation of-

Nicotiana tabacum protoplasts and the selection of
hormone-ndependent T-DNA-trenstormed  cefl
clones atter co-cuttivation of the protoplast-derived
cells with oncogenic bacterium strains. An
analogous technique can be used for the selection
of transformed cells when other dominant selective
markers are used, such as antibiotic resistance
genes constructed in such a way as to be expressed
in higher plant cella (see exampie 3).

In this case, however, the conditions for selection -

have to be optimized in sach case (concentration of
the selsctive agent, time betwoen transformation
and selection, concentration of the protoplast-'
derived cells or cel colonies in the selective
medium). if no selestion for the transformed cells is
possible, e.g. becausa avirulent T-DNA mutants are
used, such as e.g. pGV3850 or pGV2217 (Leamans
et al.. EMBO J 1 (1982), 147-162), It is possible to
cultivate the cells afer genstic transformation on
auxin- and cytokinin-containing medium (e.g. Mura-
shige .and Skoog medium (Murashige and Skoog,
Physiol. Plant 15 (1862), 473-457) with 2 mg/litre
NAA (u-naphthalens acetic acid) and 0.3 mg/Btre
kinatin), and to identity the transformed colonies by
their opine content. in this way, after electrophoretic
analysis for agropine and mannopine synthssis
{method seo Leamans st al., J. Mol. Appl. Genet. 1
(1881), 149-164) about 660 colonles can be found,
oblained after infection with pGV2217, a Nicotiana
tabacum SR1 cefl ine which synthesizes the Th-en-
coded opine mannopine (NZ-{1-mannityl)-giu-
tamine). Numerous shoots are formed sfter incuba-
tion of callus pieces of this cefl line on regeneration
medium (Murashige and Skoog medium with BAP

(6-benzylaminopurine) (1 mg/litre) as the sols plant:

growth regulator). All 20 shoots analyzed are stil
able to synthesize mannopine. After trensfer onto
hormone-free Murashige and ‘Skoof medium, the
shoots grow as morphologically normal tobacco
plants still containing mannopmne. .
The protoplast isolation and transformation de-
scribed hers for N tabacum can also be used for N.
plumbaginifolia. '

2. Experimental procedures

2.1 Shoot culture conditions

Nicotiana tabacum shoot cuttures are maintained
in 250 mi glass jars on hormone-free Murashige and
Skoog medium (Murashige and Skoog, Physiol.
Plant 15 (1962}, 473-497) under starite conditions in
3 culture room (16 hour day, 1500 lux white
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fluorescent light {"ACEC LF 58 W/2 4300°K Econ-
omy"). 24°C, 70% refative humidity). Five week oid
shoot cultures are used for protoplast isolation.

22 Protoplast isolation :

Aseptic techniques are used for all steps in
protoplast isolation and cuiture. The protopiasts are
isolated by a mixed enzyme procadura. All leaves,
except for very young leaves smaller then 2 cm, can
be used for protoplast isolation. The leaves are cutin
strips, about 2-3 mm wide, with a sharp scalpel
knife. Two to three grams of leaf material is
incubated 18 hours at 24°C.in 50 mi anzyme mixture
in the dark without agitation. The enzyme mixture
congiste of 0.5% cefiulase Onozuka R-10 and 0.20b
macerozyme Onozuka R-10 in hormone-fres K3
medium (Nagy and Maliga, Z. Pflanzenphysiol. 78
(1976), 453-455). The mixture is filter-steriiized
through a 022 um pore membrane, and can be
storad for at least 6 months at -20° C without notable
loss of activity. T

2.3 Protopiast culture .

_ “After 18 hours incubation the midure is agitated
gently in order to release protoplasts. The mixture i
subsequently fitered through a 50 um sleve, and the
filtrate is transterred to 10 m! centrifuge tubes. After
centrifugation for 8 minutes ato 60-80 g in a
swinging buckst rotor the pratoplasts form a dark
green floating -band.~ The-Equid underlying the
protoplasts,.and the debris whioh forms the peilet,
areremuvadushgaqaplla;y»mbeoaimctedtoa
peristaitic pump. The protoplasts are pooled in one
tube and washed 2 timss with culture medium. The .
culture medium is the K3 medium (Nagy and Maiiga,
2. Pfianzenphyslol. 78 (1676), 453-465) with NAA. (0.1
mg/titre) and kinetin (02 mg/litre) as growth regula-
tors. The medium is adjusted to pH 5.6 and sterilized
through 0.22 um filter membrane. After the second
wash, the protopiasts are counted using a Thoma -
hemacytometer (obtained from *Assistant®, F.R.G.),
andrasuspendedinwﬂuremedumuiawdansny
of 105 protoplasts/ml. The protoplasts are cultured
1h a volume of 10 mi per @ om diamster tissue culture
quality petri disch.. The dishes are sealed with

- Parafim® and Incubated for 24 hours in the dark, and

thereafter in dim Gght (500 - 1000 lux) at 24°C.

2.4 Transtormation by co-cuttivation

The protopiast cultures are infected 5 days after
isolation. Agrobacterium cuitures are grown for 18
hours in liquid LB medium (Miler, Experiments in
Molecular Genetics (1972), Coid Spring Harbor
Laboratory, New York), and resuspended in K3
culture medium at a density of 2 x 10° cells/mi. Fitty
Wi of this suspension is added to the plant protoplast
cultures and after sealing with Parafilm®, the cultures
are incubated under the same conditions as de-
scribed under 2.3. Aftar 48 hours the cultures are
transterred to 10 mi centrifuge tubes and cen-
trifuged in a swinging bucket rotor at 60 -80 g for 6
minutes. The fioating band and peiiet are pooled and
resuspended in 10 ml of K3 medium (Nagy and

Malige, 2. Pfianzenphysiol. 78 (1976), 453-455)
supplemented with an antibictic (carbenicifiin 1000
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pg/mi or cefotaxime 500 ng/mi).

" After two weeks of incubation, the protoplast-
derived micro-calli are centrituged and resuspended
in K3 medium {Nagy and Maliga, Z. PHianzenphy-
siol. 78 (1976), 453-455) with the same growth
regulator and antibiotic concentrations as before,
but 0.3 M sucrose instead of 0.4 M. The cefl density
in this medium is adjusted to about 2 5 x 108
micro-calli per mi. ]

After two weeks of incubation under the same
conditions the calli are transferred to K3 medium
with the same antibiotic concentrations as before,
but with reduced. sucross (02 M) and growth
requiators (NAA 001 mg/litre and kinetin 0.02
mg/litre). :

After two to three weeks of incubation, the
putative transformants can be recognized by their

fight green and compact aspect, and better growth.

These colonies are then transferred to hormone-free
Linsmaler and Skoog medium (Linsmaler and Skoog,
Physiol. Plant. 18 (1885), 100-127) soltfled with 0.6%
agar and containing reduced antibiotic concentra-
tions (carbenicllin 500 ug/mi or cefotaxime 250
ug/mi). . B

Opine tests can be done on the putative transtor-

- mants which grow on this hormone-free medium -

. when they reach 3 -4 mm in diameter. Half ot each
oolonylausedformedetecﬂdndoctomneand

nopeline (Aerts et al., Plant Scl. Lett. 17 (1979),
M)aawoplneu\dmmmplm(msﬂl.

colonles selected on hormone-free medium. After-
wards, the selected colonies can be cultured on
antiblotic-tree medium.

2.5 Co-cultivation without selecton on hormone-free

medila . .

~ Wnen selecton for transtormed cells is not
possible {e.g. because avirulent T-DNA mutants are
used) or Is not-required because a dominant
selectable marker such as an entibiotics resistance

gene is present in the T-DNA, the treatmeant of the .

protoplast-derivad calis can be simpiified- (the
hormone reduction steps are no longer necessary).
The protoplasts are treated as described previously
until the infection step. Forty-eight hours after
addition of the bacteria the protoplast-derived celis
are centrifuged (6 minutes, 60 -80 g), and resus-
pended in medium AG (Caboche, Planta 149 (1980),
7-18) which is abie to support celi growth at very low

_ density. The cells are counted using a Fuchs-Rosen-
thal counting chamber (obtained from "Assistant”,
F.R.Q.), and resuspended at the denshy required for
sub: nt work. If the colonies must be manipu-
la!edhdlvldudtyfofqalnatnsts.pmmatmceﬂ
density (100 protopiast-derived cells and cell col
onies per ml) gives targe cell colonies sfter one
month of Incubation. if drug selection for the
transformed cells is possible, the cells are incubated
at a higher density (108 - 104/mi), and the salective
agent used Is added to the medium in a concentra-
tion and at a time which ahs to be optimized for sach
type of selection. '
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2 6 Regeneration ot whole plant from caflous tissue

Normal plants are easily obtained from callous
tigsue (for exampie either darived from protoptast
transfarmation or from whole plant inoculation (see
2.7). The callous tissue Is grown on Murashige and
Skoog medium containing 1 mg/ml BAP; this
medium induces shoot formation after 1 - 2 months.
These shoots can be transferred to medium without
hormones so that roots form and a complete plant is
produced.

27. Tumor induction on tobacco seediings
Tobacco seeds (e.g. cultivar Wisconsin 38) are
surface sterilzed by treatment with : 7006 denatur-
ated ethanol/H20 for 2 minutes; followed by 1000
commercial bleach and 0.1% sodium doceyl sulfate

(SDS); turther rinsed & time with sterlie H20.

The sterlle sseds are sown in large (25 mm wide)
test tubes containing the salts of Murashige and
Skoog medium solidified with 0.7% agar and
covered with polycarbonate tops. Then the tubss are

“Incubated in culture room (12,000 lux, 16 hours

fight/8 hours dark; 70% relative humidity; 24°C).
After 4 - 6 weeks the plants are ready to use. Th

- remain optimal for at least another month. - -

Plantists should be at teast 3 cm high and have
four or more leaves. The plants are then decapitated
mmaﬂymmughtheyoungesthmmma
new sterile scalpe! blade; the upper part of the plant
removed from the tube, and bacteria from an agar
plate culture applied .on the wound surface with a
fiamed microspatula. LT

Tumorsappwaﬂerzweeknformewud-type;md
after a longer time for some of the attenuated mutant
strains. This method iz used inoctdate tobacco
(Nicotiana tabacum), Nicotiana plumbeaginifolia and

Petunia hybrida.

Concluding remarks :
Thepnumnwontbnoﬁorafonheﬂrstﬁmetm
fiity to transform piants with Agrobacterium
ha:boﬂr\gahyhddﬂphsmidvmmchmm
oncogenic functions of the T-ragion of witd-type Ti
plasmids. Since the influence of the oncogenic
iuncﬂonsum\eT-mglonontheMEdDNMrom
the Ti plesmid to plant cells was not known, it is
wrpdslmﬂntnmﬂhahastmmfarofmemodm :
T-reglon contalning (a) gene(s) of interest to plant
eetlsmn.Therelscohnegmﬂmandstnbb
mairnenaneooﬂhlsWDNAlnmepwncan
genome. Furthermore, expression of chosen
gena(s) of Interest can be achioved provided the
gene(s) either contaln - or are constructed to con-
tein - sultabte promoter sequences. The concept of
effecting & aingle cross-over event between an
intermediate cloning vector containing the chosen
gene{s) of interest with an especially designed
acceptor Ti plasmid greatly simplifies the construc-
1lonofanyhybﬂdTlphsmldvectorusefulfonhe
transformation of plant cells. The especially de-
signed acceptor Tl plasmids contain the DNA
segment of a conventiona cloning vehicle such that
any gene(s) of interest (which has been Inserted into

" the same or a related cloning vehicle as part of an

intermediate cloning vector) casi form & cointegrate
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Sy a single cross-over avent. The two segments of
the cloning vehicle(s) provide the necessary regions
of homotogy for recombination. -

Microorganisms and intermediate cloning vectors, '

acceptor Ti plasmids and hybrid plasmid vectors
prepared by the processes of this Invention are
exemplified by cuitures daposited in the German

December 21st, 1983, and identified there as :

{1) Intermediate vector plasmid pAcgB in
Escherichia coll K12 HB101;

(2) Agrobacterium tumefaciens CS8CH1 ritam-
picin-resistant strain carrying carbeniciliin-re-
sistant acceptor Ti plasmid pGV3850;

(3) Intermediate vector piasmid pGV700 in
Escherichia coli K12 strain K514 (thr leu thi lac
hsdR); .

(4) intermediate vector plasmid pGV750 in

. Escherichia coli K12 strain K614 (as above in ..

(3);

(5) Agrobacterium tumsfaciens C58C1 rifam-
plcin-resistant strain carrying carbenicifin-re-
sistant acceptor Ti plasmid pGV2260;

(8) intermediate vector plasmid pNO-1 car-
rying the octopins synthase coding region
under the oontroi of the nopaline promoter, In
Escherichia coll K12 HB101; -

(7) strain used In mobifzation of intermad!

_ vedtors to Agrobacterium = GJ23 carying
) mobilizing plasmids pGJ2s and Re4drd11 (Van

Haute et al., EMBO J. 2 (1883), 411-418); G123 .

- is Escherichin coll K12, JC2828, a focA deriva-
tive of AB1157 (Howard-Fianders et al., Gene-

" tics 49 (1964), 237-248). - o
These cultures ware asigned accession numbers

. 1), 2788 (2, 2786 (3), 2797 (4),
2739 (5), 2833 ° (6), end 2793 {7}, respec-

_tively.

While we have_hereinbefore presented a number-
of embodimerits of this Invention, It |s apparent that .

our basic constructions can be altered to provide

- other embodiments which utilize the processes and

‘composiions of this invention.

Claims ' ~

1. A non-oncogenic Ti plasmid vector system

free of T-DNA genes controlling neopiastic
growth of ransformsd piants which comprises:
(a) DNA sequences coding for functions
which are essential for the transfer of the
J-region of a wid-typs Ti plasmid by
Agrobacterium into a plant genome; and
(b} at least one gene of interest which
has beer Inserted into said vector system
and which is capable of being expressed in
plants which are susceptible to infection by
Agrobacterium, sald gene being under the
control of at least one promoter capable of
directing the expression of said gene in the
plant and assoctated with at least the right
border sequence of the T-region of a
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wild-type Ti plasmid, said barder sequence
allowing the Integration of said gene into
the plant gencme.

2. The Ti plasmid vector system according to
claim 1, wherein sald gene(s) or interest s (are)
under the control of its (their) natural promoter.

3. The Ti plasmid vector system according to
claim 1, wherein sald gene(8) of interest is (are)
under the control of a promoter which Is
exogenous with respect to the gene(s) of
interest. '

4. An intermediate cloning vector comprising

{a} = cloning vehicles segment (89
containing the right border sequence of
the T-region of a wild-type Tl plasmid (2)
and a DNA sequence which is homologous
with a DNA sequence in an ecceptor Ti
plasmid; and .

(b) at least one gene of interest (5)
under the control of a promoter capable of
directing gene expression in plants which
is.associated with said border saquence in
a manner allowing its integration Into the
plant genome.” - - .

6. The intermediate cloning vector according
to clatm 4, contalning additionally at least one
selectable marker gene, edjacent to the gene(s)
of interest (6). )

6. The intermadiate cloning vector according

- 1o claim 4, wherein the gene{(s) of interest (§) is .

{are) under the control of “its ‘(their) natural
promoter. -
" 7. The intermadiate cloning vector according -
1o claim 4, wherein the gene(s) of interest (6) is
(are)um!ermsoontolofapromoter\wuchls
exogenomumhre;pwtoﬂ\egem(s)of
interest.

8. A prooess for the preparation of a hybrid Tl
plasmid vector which comprises mobfiizing the

-* imermediate cloning vector according to any

one of claima 4 to 7 in the presence of helper N
bacterium containing an -

donlngvectnrmthaaooeptwﬂpmidbya
single cross-over event.

g. A non-oncogenic hybrid Ti plasmid vector
between an accepior Ti plasmid and an inter-
madlitedoﬂngvectoraword‘mtowmeo\‘
claims 4 to 7, comprising:

{a) the right border sequence (2} of the
T-region of the wild-type Ti plasmid;

{b) non-cncogenic DNA sequences (kX
3') derived from a cloning vehicle;

(o) a segment (4) of the wild-type Ti
phaﬂdwmwﬂngbmmwwa;se":
tial for the transfer by Agrobacterium
T-region of wild-type Ti plasmids into plant
cell genomes; and ‘

{d) at least one gene of interest (5}
which is under the control of a promoter
capable of directing gene expression in

and which is associated with said
border sequence (2) in & manner allowing
its integration into the plant genome.
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" 10. The hybrid Ti plasmid vector according to

claim 9, containing additionally at least one
selectable marker gene, adjacent to the gena(s) ¢
of interest (5). .

11. The hybrid Ti plasmid vector according to
claim 9, wherein the gene(s) of interest (5) is
(are) under the control of its (their) natural
promoter..

2. The hybrid Ti plasmid vector accdrding o

claim 9, wherein the gene(s) of interest (5) is
(are) under the control of & promoter which is

axogenous with respect to the gene(s) of

interest.

13. An Agrobacterium harboring a non-on-

cogsnic Ti plasmid vector system according to
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any one of claims 110 3.

14, An Agrobacterium harboring a hybrid Ti
plasmid vector according to any cne of claims ©
to 12.

15. Process for prepafing a transformed plant
cell comprising the infection ot plant cells with

~ an Agrobacterium accarding to claim 13 or 14.

16. Process for the preparation of a plant
comprising the steps of:
(a) infecting a plant cell with an Agrobac-
terium according to claim 13 or 14; and
{D) generating a plant from the trans-
formed plant cells obtained step {a).
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